Supplementary
The bottom of profile 5 corresponds to the upper palaeosol from profile 4. Here, this palaeosol has a thickness of 1.00 m. It is followed by a darker loess layer (1.00 -1.85 m).
Above, another palaeosol horizon (1.85 -2.65 m) is developed. A brown loess layer is exposed from 2.65 -3.7 m. On top, the modern soil is exposed. The top of the modern soil is heavily influenced by human activities, thus only 30 cm of its lowermost part were sampled.
Composite profile splicing
Major parts of the five separately sampled profiles were spliced to obtain a composite profile from the Stalać section. The stratigraphy of profiles 2 to 5 was evident from the inclined loess and palaeosol units on one brickyard terrace; sampling was performed in order to have some overlap between these sub-profiles. Supplementary Fig. 4 shows the overlap of some physical and chemical property data used for the splice (magnetic susceptibility, U-ratio, L*, a*, CaO and Cl). Sampling the inclined profiles 2-5 may potentially entail the sedimentary succession with its real -vertical -sediment accumulation. When assuming non-vertical accumulation, but accumulation perpendicular to the slopes, the sampling depth is overestimating the actual sedimentation thickness, and might somewhat mix non-syndepositional sediment. Due to the high sampling resolution and the clear autocorrelation of the data we do not regard this as an issue, but it is important for the understanding of the sedimentary succession.
Profile 1 covers the past ~350,000 year. However, the past 191 ka (S2-S0) is preserved in very low resolution and possibly in discontinuous sedimentation and/or preservation. Therefore, we used only the lower part of profile 1 from upper part of L4 to end of S2 for the splicing. Profile 2 covers the period of formation of the upper part of S2 and the lower part of L2. Since this profile does not cover the whole S2, it is very complicated to splice the upper part of S2 palaeosol (S2SS1) from profile 1 to whole S2 palaeosol from profile 1 because they exhibit different temporal resolutions. Thus, the profile was spliced at the end of S2 at profile 1 and on the beginning of L2 at profile 2. In general, the correlation of profiles 1 and 2 is not straight forward since those profiles formed in different geomorphological settings. It has to be stressed that profile 2 to 5
were deposited on the slope and thus may be formed under different depositional regimes. Thus, the transition from profile 1 to profile 2 was treated with special attention while interpreting the data. Despite differences in some of the bulk data (e.g. colour), we argue that general palaeoclimate signals and trends can be clearly extracted, since similar patterns are observed on the L2 layers of both profiles. However, it has to be noted that it is not possible to directly compare the sedimentation rates from profile 1 to profiles 2-5. Therefore, this study does not focus on the sedimentation rates, especially because sedimentation rates may not be representative for sediments deposited on the slope.
Splicing of profiles 2 and 3 was straight forward. We connected the profiles via the tephra layer ( Supplementary Fig. 4 ).
Splicing of profiles 3 and 4 was a bit more complicated. The palaeosol pedocomplexes developed on the slope may have overprinted the sediment below in a different way.
However, it seems that this effect is negligible, since most of the proxies show very similar values on both profiles just at the transition from loess to the S1 palaeosol ( Supplementary Fig. 4 ). 
Chronology and age model
Geochronology of loess-palaeosol sequences in the Middle Danube Basin has generally been established mainly by 14 C and luminescence dating for the younger time periods [2] [3] [4] [5] .
Nevertheless, many loess-palaeosol sequences spanning several glacial cycles cannot be dated by these methods. Some sections were dated by correlation of the magnetic susceptibility (χ) signal to oxygen isotope records of marine benthic foraminifera or orbital variations [6] [7] [8] [9] [10] [11] . Such correlative age models may not be accurate on the scale of few thousand years, but in the absence of other dating techniques this method is generally accepted to provide reliable timescales. Since the χ at the Stalać section is strongly biased by provenance change, we applied correlation of odd Marine Isotope Stages (MIS) to phases of soil formation. The first chronostratigraphy of Stalać based on correlation of the soils to interglacials and loess to glacials was established more than a decade ago 12 . However, our investigations including tephra correlations suggest that this may be more challenging and that the previous chronology is not correct. This fundamentally changes our understanding of this region, suggesting that the previously proposed mutual climate connections between Central Balkans and Middle Danube
Basin 12 have to be reconsidered.
In general, the stratigraphic framework of loess and the labeling of loess-palaeosol layers in the Middle Danube Basin is simple because the sequences were formed by relatively continuous deposition of aeolian dust 13, 14 with only rare exceptions 15, 16 . The labeling of stratigraphic units follows the established scheme for the European loesspalaeosol sequences presented by Marković et al. 14 , using 'L' for loess units and 'S' for palaeosol units, while the ordinal numbers indicate the order of increasing age. Although the stratigraphic framework seems simple, the past climate characteristics of the central Balkans are not well understood. Thus, the determination of secure pedostratigraphic markers for simple stratigraphic linking of profiles is more complicated. For example, the correlation of visible layers is becoming challenging for the south-western section of the studied outcrop since the palaeosols there are splitting downslope.
One of approaches for obtaining age models used in Southeastern Europe is orbital tuning 6,9 . Basarin et al. 6 orbitally tuned a loess record in the Middle Danube Basin. Their record spans almost the last million years, which allows for the determination of specific spectral (frequency) properties in depth and time. Our record spans ca. 350 ka, which is at the very low end of a useful length for orbital tuning. This is especially the case as the sedimentological patterns seem to be dominated by global and regional climate changes on glacial-interglacial level, and do not dominantly correspond to one of the Milankovitch frequencies (precession, obliquity, eccentricity). Therefore we refrain from a tuning approach here, but use a correlation to other proxy records to establish an age model instead.
Two tephra layers were identified in studied profiles at the Stalać section. The lower tephra likely corresponds to the L2 tephra observed in many loess-palaeosol sequences in the Middle Danube Basin 14, 17, 18 . Although this tephra layer is clearly visible in the field, it underwent significant alteration and glass shards are not preserved. The upper tephra was not visible in the field but the analyzed data clearly pointed to a tephra layer Fig. 7 ), and it is used as an additional tie point (Supplementary Table 2 ).
To test the age-model additional evidence (albeit preliminary) from luminescence dating 25 is also briefly discussed. For equivalent doses (De) determination, fine-grained (4-11µm) polymineral samples were measured in a Risø TL/OSL DA 20 reader at the Cologne Luminescence Lab. The post infrared infrared stimulated luminescence (pIRIR)
protocol by Thiel et al. 26 and the central age model 27 were used. Prior to IR stimulation temperature tests and dose recovery tests were conducted satisfactorily. Dose rates were determined through the measurement of radionuclide concentrations in a highpurity germanium gamma-ray spectrometer, corrected by conversion and attenuation factors of Guerin et al. 28 , Brennan 29 , Mejdahl 30 , and the measured water content. A potassium content of 12.5±0.5% was assumed 31 . Alpha efficiencies of 0.13±0.01 for C-L3780 and 0.11±0.01 for C-L3784 and C-L3786 were employed. The preliminary luminescence ages are presented in Supplementary Fig. 7 and Supplementary Table 5 (the reader is referred to Bösken et al. 25 for further details) and all ages are in very good agreement with the proposed age model. Nevertheless, the preliminary luminescence ages 25 are in low resolution, and thus cannot be employed at this stage in constraining the millennial-scale climate oscillations, but they incontestably indicate validity of the age-model discussed.
Supplementary Figure 7.
Correlation of height scale and the resulting age assignment of different units at Stalać. Bulk sediment geochemical proxy Cl and magnetic susceptibility respectively, provided useful proxies for the identification of tephra layers.
On the left, preliminary luminescence ages 25 are presented. identified at Stalać and other regional occurrences, including proximal pyroclastic flow 33 and plinian fall deposits in Italy 34 , as well distal fine ash occurrences within Mediterranean marine records 35 and in the Russian loess 35 
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Principle of geochemical tracing palaeo-river dranaige network over the Central Balkan
The grain-size records generally show remarkably coarser grain distributions ( Supplementary Fig. 5 ) compared to the other sections in Southeastern
Europe 13, 16, 18, 36, 37 covering the same time interval (Fig. 3 in the original manuscript) .
This indicates that the Stalać section reflects mainly an enhanced dust contribution from proximal sources. The density distribution curve indicates primary aeoilan deposition ( Supplementary Fig. 10 ). The possible source areas for the Stalać section are the valleys of Južna Morava, Zapadna and Velika Morava Rivers (Fig. 1 in the original manuscript) .
These rivers present the main drainage network of the Central Balkan, and Stalać is located at the confluence of these rivers. The geology in the catchment of these rivers is characterized by metamorphic and igneous rocks providing minerals with χ about one order of magnitude higher than in loess deposits along the Danube and in China 38 . At the Stalać section, χ is not closely following the pedostratigraphy ( Supplementary Fig. 6 Table 1 Generally, changes in aeolian sediment provenance area are related to changes in wind directions, wind vigor and/or source area 16, 37 . However, the main source area is in the proximity of the Stalać section and changes in the wind direction will not change the main source area greatly. Since the provenance changes inferred from the trends in Ni and Cr represent the interaction between domination of river discharge from the Južna (lower Ni and Cr values) and Zapadna Morava (higher Ni and Cr), it may be used to trace the palaeo-river drainage system over the Central Balkan. Due to the different characteristics of its catchments, understanding of palaeo-river drainage system can be used to infer a signal of past precipitation change on a wider region ( Supplementary Fig.   11 ). Under current conditions, the Zapadna and Južna Morava River catchments are affected by different precipitation regimes 1 . River discharge of the Zapadna Morava River is strongly influenced by the tributary Ibar River, which contributes with almost the same amount of water runoff as the Zapadna Morava. Their catchment areas receive annual precipitation above 800 mm, with some areas >1000 mm, especially in the higher mountains 1 . Thus, a decrease in the rainfall amount in the western sectors of the Balkan Peninsula will have a significant effect on those rivers discharge rate. Even a gentle decrease in precipitation has a considerable effect on the discharge since it will affect both the Ibar and Zapadna Morava rivers and their corresponding catchments. Contrary, the Južna Morava River catchment area is located in the rain shadow of high mountains related to the Zapadna Morava River catchment, and it is mainly characterized by annual rainfall amounts of 500-600 mm, with some parts of enhanced annual precipitation not exceeding 800 mm 1 . Since this catchment area is composed of only one major river as a main drainage course, decrease in already low precipitation will have much weaker influence. According to that, the discharge of the Južna Morava River would be less sensitive to precipitation changes over its catchment, while the discharge of the West Morava River would strongly depend on the precipitation regime over its catchment In general, the grain-size analysis is a well-accepted method in inferring palaeoclimate forcing upon the formation of loess-palaeosol sequences 45, 46 , where domination of coarse grain-size particles is usually associated with relatively strong winds and cold climate, while the domination of fine particles is associated with less strong wind, Contrary to a benthic δ 18 O isotope stack 24 , our data suggest that the coldest and driest interval was the middle part of MIS 8 (rather than late MIS 8). However, this is in agreement with the MEDSTACK planktic 18 O data 47 , as well as the Lake Ohrid pollen data 44 .
The subsequent palaeosol S2 denotes another interglacial period that corresponds to Representative samples of one unit from each profile are presented by colour and codes that correspond to the numbers from 1 to 35. Explanation of each sample code is presented in Supplementary Table 6 where it is shown to which layer, MIS, and height on single and composite profile (if presented) the samples correspond.
Supplementary Table 6 . Codes related to the samples presented in Supplementary Fig.   10 . The first column contains the code, the second presents the layer and MIS to which the samples correspond, the third presents the height of the samples on original profile 
